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This paper develops a cosmological hypothesis based on the following propositions: 

1. Zero-point radiation derives from quantic fluctuations in space, and the wavelength of its photons with the greatest 
energy is inversely proportional to the curvature of space. 

2. The Universe began as the breaking in of photons of extremely high energy contained in the 3-dimensional surface: 
w 2 + x 2 + y 2 + z 2 = R 2 , whose radius has continued to expand at the speed of light since its origin at t = 0. 

3. The wavelength of the photons is quantized and the quantum of wavelength is invariable. 

These propositions imply that the value of the total energy of the zero-point radiation in the 
Universe remains constant and the condition w 2 + x 2 + y 2 + z 2 — (Ri + ct) 2 — R\ determines that 
every point in our space is subject to a tension whose intensity i is proportional to the curvature 
1/Ru- Any increase of R u implies a decrease in i and consequently an energy flow which translates 
into an expansive force. Therefore, the Universe will expand indefinitely: no Big Crunch is possible. 
If the initial radius of the Universe Ri has been smaller than the Schwarzschild radius, R s , which 
corresponds to the total mass of the Universe, M u , the generation of matter would have lasted for 
thousands of millions of years. Generation of matter over short periods would have required values 
for Ri of thousands of millions of light years. 



I. INTRODUCTION 

We must distinguish between the Universe, the ma- 
terial Universe and the visible Universe. The radius of 
the Universe, R u , measures Ri + ct, where t is the time 
elapsed since t = 0, but we are unable to measure it. 
The material Universe consists of elementary particles 
and cosmic objects. Obviously, its radius, R m , is shorter 
than R u . 

The expansion of the Universe determines that every- 
thing which is very far away from us, may recede at veloc- 
ities equal or greater than c, which implies the existence 
of a horizon of visibility. We can only observe extremely 
luminous cosmic objects which recede at a speed near 
that of light. The value of the angle ip which defines the 
visible Universe is such than 1 radian < ip radians < tt 
radians; l/ip = v m /c, where v m is the present rate of in- 
crease in the length of the radius of the material Universe. 
Both ip and v m are functions of the relation, R /R s , be- 
tween the radius of the material Universe at the end of 
the generation of matter, Rq, and the Schwarzschild ra- 
dius, .Re- 



in 1916, Nernst suggested that the quantic fluctuations 
of space must cause an electromagnetic radiation which 
would therefore be inherent to space and, consequently, 
have a spectrum which is relativistically invariant. 

In 1958, Sparnaay found this radiation when he was 
measuring the Casimir effect at temperatures close to 
absolute zero. He detected some radiation which was 
independent of temperature, with a spectrum such that 
the intensities of its flows are inversely proportional to 
the cubes of their wavelengths, which is a necessary con- 



dition for the radiation to be relativistically invariant [1], 
[2], [3]. In 1997, S. K. Lamoureux carried out new mea- 
surements of the intensity of the energy flow of zero-point 
radiation, using a very different method, and reached the 
same measurements as Sparnaay 's [12]. 

A function of spectral distribution which is inversely 
proportional to the cubes of the wavelengths, implies a 
distribution of energies which is proportional to the 4 th 
power of the wavelengths, because the energies of the 
photons are inversely proportional to the wavelengths. In 
1969, Timothy H. Boyer, [7], [8], showed that the spectral 
density function of zero-point radiation is: 



1 1 

2tt 2 (A*) 3 ' 



(1) 



where A* is the number giving the measurement of the 
wavelength A. 

This function produces the next, for the corresponding 
energies 



I he 1 

2^T(X)3' 



(2) 



For A — > 0, E<p(X) — > oo. There must be, therefore, a 
threshold for A, which will be hereafter designated by the 
symbol q\. 



To simplify the following arguments, it is convenient to 
use the (e, m e , c) system of units in which the basic units 
are the quantum of electric charge, e, the mass of the 
electron, m e , and the speed of light, c. In this system the 
units of length and time are, respectively, l e — e 2 /(m e c 2 ) 
and t e = e 2 /(m e c 3 ). The unit of length is equal to the 
classic radius of the electron. 
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Zero-point radiation proceeds equally from all direc- 
tions of space, and its interactions with electrons could, 
therefore, play the role of the "Poincare tensions" , pre- 
venting the electron from shattering as a result of the 
repulsion of its charge against itself. For his to be the 
case, there must operate the equation: 



4-7T 3 

x 3 = —{k x )\r x f[B] m - 



(3) 



equation 17 in [4], where: 



x = measurement of the wavelength of the photons with 
the greatest energy in zero-point radiation, ex- 
pressed in q\ (quanta of wavelength). 

k\ = measurement of l e , expressed in q\. 

r x = measurement of the radius of the electron, ex- 
pressed in l e . 



i B U = ^B-^B 2 + ---+T m B"\ 

where: 



B=^(^ 
a V x 



II. BASIC PRINCIPLES OF THE PROPOSED 
HYPOTHESIS 

The proposed hypothesis rests on the following basic 
principles: 

1. The "Big Bang" consisted of the appearance, at 
t = 0, of a primal space configured as the 3- 
dimcnsional surface w 2 + x 2 + y 2 + z 2 = (Ri) 2 
of radius Ri light-years, whose zero-point radia- 
tion was characterized by the fact that its pho- 
tons of greater energy possessed a wavelength of 
Xiqx = k u {Ri/ R u )q\. Within the primal space 
there would have existed photons unconnected to 
that zero-point radiation. 

2. After a lapse of t years those photons which had not 
been transformed into elementary particles would, 
after travelling in all directions, have covered a dis- 
tance of R t = (Ri + t) light years, and the wave- 
length of the photons of greatest energy in zero- 
point radiation would have increased to x t q\ = 
k u (Rt/Ru)q\, so that the wavelengths of these pho- 
tons would always be directly proportional to the 
radius of the Universe and, therefore, inversely pro- 

Ru 
x 



portional to its curvature. k u = 



7.264351 x 



.33 



10' 

The quantum of wavelength, q\, is intrinsically in- 
variant. 



T m = (-iy 



1 2 

+ 



m(m — 1) 



m + 1 m + 2 m + 3 
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The hypothesis that zero-point radiation is also the 
effective cause of gravitational attraction between two 
electrons leads to the equation: 



x3= 2tt 2 (k x ) 2 (r x ) 2 [B] r 
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(4) 



equation 20 in [4]. 

In [4] it was also deduced that: 

T x — l^e 



kx = 



2nG e 



1/2 



G e 



2TT(k X ) 2 



(5) 



qx = (2na) 1 ^ 2 Lp, where Lp is the Planck length. 

k x = 8.143 3 75 x 10 20 1 
x = 5.257601 x 10 27 | 



(6) 



The analysis of the proposed hypothesis requires us to 
consider how the numbers x, kx and G e , as also the mass 
of the electron, have evolved, according to its principles, 
from t = until the present, since any impossibility or 
absurdity in that evolution would compel us to reject the 
hypothesis. We do not need to extend our consideration 
to the gravitational constant, G = Gele^mJ 1 , because 
the terms of the hypothesis imply the invariance of this 
constant. In fact: 



G e = l/27T(k x f 



le = kxqx, 



and the product, 



m e l ei of the mass of the elec- 



tron and its radius is a fundamental quantic threshold, 
no matter what values of m x and r x are possessed by 
the mass and the radius of the electron, the product 
(m x m e )(r x l e ) will always be equal to m e l e = l* e . Keep- 
ing this in mind, we can write for the gravitational con- 
stant, 



G = 



l 2 c 2 



(kx) 2 (Qx) 



2 c 2 



(Qx) 



2 c 2 



2TT(kx 



2n(kx 



2tt* 



which is invariant, because qx, c and * e are invariant. In 
fact the variations of G e over time are those which are 
required to preserve the invariance of the gravitational 
constant against the variations of l e , i.e. those of kx- 
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III. EVOLUTION OF SOME VARIABLES AND 
CHARACTERISTICS OF THE UNIVERSE SINCE 

T=0 

In 1929 Hubble discovered that the Universe is expand- 
ing and, according to the "Big Bang" theory, everything 
started with the breaking in of an enormous amount of 
energy contained within a relatively small space, whose 
volume has been increasing since that break-in at t = 0. 
In the first basic principle of this hypothesis we have 
suggested that the initial space was configured as the 3- 
dimensional spherical surface w 2 + x 2 + y 2 + z 2 = (Ri) 2 , 
full of photons of very high energy, which then dispersed 
in all directions. 

Fig. 1 shows the upper half of the 2-dimensional spher- 
ical surface x 2 + y 2 + z 2 = R 2 , in which we also see 
a smaller circle of radius r = Rsimp. The intersection 
of this surface with the plane z — is the circumfer- 
ence: x 2 + y 2 = R 2 situated on that plane. On the other 
hand, this 2-dimensional spherical surface can be viewed 
as having been generated by the differential surface ele- 
ment 2irrRd(p = 2nR 2 sin <pdip, by being integrated be- 
tween ip — and ip = ir/2. In effect: 

,tt/2 

2ttR 2 / sin tpdtp = 2ttR 2 , 
Jo 

which is the area of the said upper half of the spherical 
surface of radius R. 

A 




FIG. 1: Fig. 1 



Using the same method, we may consider that the 

2- dimcnsional spherical surface x 2 + y 2 + z 2 = R 2 is 
the intersection of the 3-dimensional spherical surface 
w 2 + x 2 + y 2 + z 2 = R 2 with the plane surface (also 

3- dimensional) w = 0, and imagine that 3-dimensional 
spherical surface as having been generated by the differ- 
ential element of volume dV = 4ir(R sin <p) 2 Rdtp, whence: 

V /' 7r /2 rrr- 

— = AttR z / sin 2 ipdtp = 47ri? 3 - = 7r 2 i? 3 , 
2 Jo 4 

i.e., 

V = 2tt 2 R 3 . 

After this digression it is easier to imagine what a 3- 
dimensional surface is. Because of the manner of its gen- 
eration, it must possess volume, not area, and because its 



points must fulfill the condition w 2 + x 2 + y 2 + z 2 = R 2 , 
it must act as a frontier between the internal points 
in the 4-dimensional sphere delimited by it, in which 
w 2 + x 2 + y 2 + z 2 < R 2 , and those points external to it in 
which w 2 + x 2 + y 2 + z 2 > R 2 . The link between the 4 co- 
ordinates w,x,y and z is analogous to that which exists 
between the 3 coordinates of the 2-dimensional spherical 
surface; this is nothing more than a simple relation with 
the curvature of the surface, which in all the spherical 
surfaces is the same at all its points, because it is at all 
points equal to 1/R. It follows, from this, that the said 
link does not require the existence of differences inherent 
to positions in space, and this is a necessary condition 
for the truth of the first postulate of the Special Theory 
of Relativity. There are no such differences either in the 
inner points nor in those external to its boundaries de- 
limited by x 2 + y 2 + z 2 = R 2 or by w 2 + x 2 + y 2 + z 2 = R 2 , 
since both are unaffected by geometric conditions. 

* * * 



Zero-point radiation is inherent to space, and can 
therefore be considered to be an intrinsic component of 
its essential nature, no matter what this may be. Ac- 
cording to the hypothesis formulated above, zero-point 
radiation has the following characteristics: 

• Its photons of greatest energy have a wavelength of 



• It is rclativistically invariant. This implies that 
during every time lapse x 3 t one photon of wave- 
length x will strike on a given area I 2 . In other 
words, the abundance of its photons is inversely 
proportional to the cubes of their wavelengths. 

• The wavelengths of its photons will increase propor- 
tionally to the increase in the radius of the Universe 
Rt = (Ri + ct) l.y. 

The variation in the wavelengths of the photons of 
zero-point radiation is similar to the variation in the 
lengths of the tracings which could be drawn on a bal- 
loon made of a perfectly elastic membrane. The first 
tracings, at t = 0, when the balloon has a radius or Rbo, 
would increase in proportion to the radius of the balloon 
Rst, as it inflates. The similarity is closer if we imag- 
ine not tracings but perfectly elastic fibres which would 
form a physical part of the balloon. These fibres would 
stretch, but would still constitute a fixed network, while 
zero-point radiation is a network which is spreading at 
the speed of light. However, the analogy holds, so far it 
concerns the increase in lengths which is inherent to the 
nature of spherical surfaces displayed by both the balloon 
in our example, and space, according to the proposed 
hypothesis. The suggestion that space is configured as 
a 3-dimensional spheric surface is by no means a trivial 
one. 
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The measurements made by Sparnaay and Lamoreux 
allow us to infer that the present wavelength of the pho- 
tons with the greatest energy in zero-point radiation is 
x = 5.257601 — ► 10 27 qx, which implies an energy flow per 
(q\) 2 during every q T , which is given by: 



60 km/s 



Its median value, 



70 km/s 



corre- 



3.26 x 10 6 l.y.' ' 3.26 x 10 6 l.y. 

sponds to an age equal to 1.39 x 10 10 years and to the 
radius R u — 1.39 x 10 10 l.y. For this value, the total en- 
ergy of the zero-point radiation in the Universe is given 
by: 



EIj = 2^(1.39 x 10 10 ) 3 3. 286237 x 10 94 m e c : 



Eh 



Ox 



1 



he 



(<?a)V (qx) 2 q T q\ 



2tt. 



(q\) 2 q T a 



E 



-4 1 2 

n m e c . 



Since q T = q\/c is the minimum lapse of time which 
can apply to electromagnetic waves, and since these 
waves move at the speed of light, the amount of energy 
in the zero-point radiation per (q\) 3 is given by: 




(qx) 3 (qx) 3 (qx) 



= 1.742 x 10 126 m e c 2 . 

This value is immensely greater than the energy equiv- 
alent of the mass of the Universe as estimated in [5] , pg. 
2, which is 1.55 x 10 79 m e c 2 . 

It is obvious that, if the radius of the Universe at t = 
was Ri <C R u , and if the wavelength of the photons with 
greatest energy in zero-point radiation has not varied, 
the expansion of the Universe would have required the 
increasing inflow of an enormous flow of photons, in or- 
der to keep unchanged the amount of energy in the form 
of zero-point radiation per unit of volume, in a volume 
2ir 2 (Ri + ct) 3 which grows in proportion to the cube of 
the radius of the Universe, Rt = Ri + ct. 

The density of the energy of zero-point radiation is 
given by: 



1 2tt. 
(qx) 3 a 



E, 



Ox 



he 



(qx) 3 (qxY 



E< 



and since 



oc 



3x 2 



2x 4 + 3x 5 



1 

Qx 1 



we can write as a first approximation: 
E 0x 2?r k\ 2 



(qx) 3 



a 3x 3 



whence 



E Qx 2vr (fc A ) 4 2 
-m e c , 



(lef 



3a x 3 



with a relative error less than 



1 



—r : — 5- = — , which for 

2x 4 3x 3 _ 2x ' 
the present value of x is e < 2.853 x 10 28 . 

If we introduce the previously given value of x, and 
k\ = 8.143375 x 10 20 and the transformation coefficient 
of (l e ) 3 to (l.y.) 3 , k ely = 3.783997 x 10 91 we obtain E 0x = 
3.28 6 2 3 7 x 10 94 m e c 2 per (light year) 3 . 

According to our hypothesis the radius of the Universe 
expressed in light years is very approximately equal to its 
age expressed in years, because R u = Ri + ct and Ri/R u 
must be insignificant. 

The age of the Universe is estimated through the Hub- 
ble constant, H u , whose value has been estimated as 

,90 km/s 

not being greater than =- — 

6 6 3.26 x 10 6 l.y. 



and not less than 



(7) 



he ( 1 1 1 1 
~ Jqxj 1 \3x^ + 2^ + 3^ ~ 6^ + ■ 

The volume of the Universe is given by: 

Vut - 2ir 2 (R t ) 3 ( qx ) 3 = 2n 2 (R l + ct) 3 (q x ) 3 , 



where Ri is the radius of the Universe at t = and t is 
the time, expressed in q T , elapsed since t = 0. 

The total energy of the Universe after the lapse of tq T 
since t = is, therefore: 

E* u = 2^(R i + cif(q x f^- i 



f 1 1 1 1 

\3l^ + 2^ + 3^~2^ + ' 



2-K 2 hc f (Ri + ctf 



qx 



(Ri + ct) 3 (Ri + ct) 2 



3x 3 



+ 



2x 4 



3x 3 



(Ri + ct) 3 
6x 7 



+ 



If the wavelength of the photon of greatest energy in 
zero-point radiation is proportional to the radius of the 
Universe, its value when that radius measured Riq\ must 
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have been (Ri/k)q\, and when the radius measures 
ct)q\ the wavelength must be {Ri + ct)q\/k u , where k v 
is a natural number, whence: 



Eh = 



27T 2 fo C / 



1 1 

3 + 2x 



1 

3^ 



1 

6^4 



+ 



(8) 



The terms within the bracket after the first term are in- 
significant in comparison to it when x is very large, and 
form a remainder what could represent the energy needed 
to maintain the curvature of the Universe. We should re- 
member here that the condition for the relativistic invari- 
ance of the spectrum of zero-point radiation is precisely 
that which causes its total energy in the Universe to re- 
main substantially constant, whilst the radius of the Uni- 
verse increases indefinitely Moreover (8) shows that the 
energy needed to maintain the curvature of the Universe 
is inversely proportional to the radius of the Universe, 
i.e. proportional to the said curvature. 

Table 1 gives a list of values for x, k\, A s k\, R, R 8 
and R/R s as they vary with values of z = k\/x. 

- I - I - 



The values of x have been obtained through the equa- 
tion: 



3a 



x = 



47r3^[B] m ' 



(9) 



which results from dividing the two terms of equation (3) 

by x 4 , taking r x = 1 and — = z. The values of k\ derive 

x 

from k\ = zx, while those of A s k\ 7 which is the increase 
of k\ per second have been obtained from those of A s x 
through the equation 



A s k x 



3 / a 

4 \4ir 3 [B] r 



1/4 



Asx 



The values of A s x, increase of x per second, are ob- 
tained by dividing the present value of x, x = 5.257601 x 
10 27 q\, by the present age of the Universe expressed in 
seconds; t — 4.386413 x 19 17 s.; this produces a constant 
value of 1.198610 x 10 10 <7a/s. This value seems at first 
sight very large, but is in reality very small, being equiv- 
alent to 4.147682 x 10~ 24 cm/s, and to 2.28 x 10~ 18 x. If 
we go back in time 65 millions of years, i.e. to the end of 
the era of the dinosaurs, the value of x will have dimin- 
ished some 2.45 x \{) 2& q\ which are only a 4.67% of its 
present value. Finally, the values for R s have been found 

through R s — — ^— , which in the (e,m e ,c) system is 
written as: 



R s = M m e G e {l e c 2 m e x ) 



27T(fc;J 



Mn 



27T(fc A ) 



We deduced above that the value of the gravitational 
constant, G, remains invariant when x varies, and that 



the variation in its numerical coefficient in the (e, m e , c) 
system is precisely the variation required for G to remain 
invariant against variation in the length of the radius of 
the electron r e = l e = k\q\, and consequently against 
variation in the mass of the electron, since the product 
of radius and mass, m x l x — e 2 /c 2 , must remain constant. 

Since the value of Rq is the measurement of the radius 
of the Universe at the moment when the last elementary 
particle was generated, values of Rq where Rq/R s < 1 
would cause its collapse and transformation into a black 
hole. We can see from Table 1 that the value of x which 
corresponds to R /R s = 1.0003 is 2.77 92 x 10 25 , for which 

the value of 1 - j is less than 1.8 x 10~ 26 , 

2x 3x 2 6x 4 
and the difference between the total energy of zero-point 

radiation in the Universe as the product of the Universe's 

volume and the density of the energy of that radiation, 

and the product which results from disregarding the said 

remainder is, relatively, insignificant. 

Table 1 provides a basis of reference for the estimate 

that the age of the Universe is 1.39 x 10 10 years and that 

the mass of the Universe is 1.55 x 10 79 m e , [4] pp. 2-3. 

The first of these estimates derives from taking the value 

of the Hubble constant to be 70 km/s per megaparsec, so 

that the time needed to reach the "horizon of visibility" 

formed of luminous bodies moving away from us at speeds 

very near that the light will be: 



2.997925 x 10 5 km/s 
70 km/s 



3.26 x 10° years = 1.39 x 10 10 years 



The intersection of a 3-dimensional spherical surface 
of radius R with a 2-dimensional plane which passes 
through its centre, is a circumference with a radius R m 
and a centre at the centre of that surface. Fig. 2 is a rep- 
resentation of such an intersection, in which A represents 
the position of an observer, B is that of the "horizon of 
visibility" up to which the said observer can see luminous 
objects and ip is the angle AuiB. 

The length of the arc AB\ is i? m <p, where R m is the 
radius of the visible Universe; i.e. the material Universe 
to which belong the luminous objets that can be observed 
from A, and ip is the angle AloB\ expressed in radians. 

The length of R m must be smaller than that of R u , the 
radius of the Universe, which as a result of the dispersal 
of zero-point radiation in all directions of space, measures 
Ri + ct; i.e. the initial radius Ri plus as many light years 
as years have elapsed since t = 0. Therefore R m <p — Rt, 
where ip > 1 and R t = Ri + ct. 

On a 2-dimensional spherical surface, the observer at 
A an only see those luminous objects which are situated 
on the surface of the spherical zone of height h = R m ( 1 — 
costp), whose area, 27ri? 2 (l — cosy), makes up a fraction 

1 — COS ip 

of the area of the sphere 4-7r_R 2 „. Keeping in 
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TABLE I: Values for x, fe A , A x k s , R, R s and R/R s for some values of z = k x /x. For z -> q/2tt = 1.161410 x 10~ 3 [B] m -> oo; 
x — > 0; k\ — ► 0. There cannot exist real values of &a < 1, or values of x < 27r/a = 861. The values of z in lines 6-12 
correspond to some of the values of Ro/R 3 in Table 3. Ro is the length of the radius of the Universe at the moment when the 
last elementary particle was generated from the initial photons. 



z = k x /x x (q x ) k x (q x ) A s k x (^) ° Rq (l.y.) R s (l.y.) Rg/R, 



1.15 x 10" 3 


6.0745 x 10 8 


6.9857 x 10 5 


1.034 


X 


10 7 


1.606 x 10 -9 


1.292 x 10 21 


1.243 x 10" 


30 


io~ 4 


5.299764 


X 


10 13 


5.299764 x 10 9 


4.495 


X 


10 6 


1.401 x 10" 4 


1.703 x 10 17 


8.227 x 10" 


25 


10~ 5 


4.746727 


x 


10 18 


4.746727 


X 


10 13 


8.990 


X 


10 4 


12.55 


1.901 x 10 13 


6.602 x 10" 


13 


10~ 6 


4.691894 


X 


10 23 


4.691894 


X 


10 17 


8.990 


X 


10 3 


1.240 x 10 6 


1.923 


X 


10 9 


6.448 x 10" 


-4 


5 x 10~ 7 


1.500432 


X 


10 25 


7.502160 


X 


10 18 


4.495 


X 


10 3 


3.967 x 10 7 


1.203 


X 


10 8 


0.3297 




4.42 x 10" 7 


2.779216 


X 


10 25 


1.228413 


X 


10 19 


3.971 


X 


10 3 


7.348 x 10 7 


7.345 


X 


10 7 


1.0003 




4.0098 x 10~ 7 


4.522692 


X 


10 25 


1.813509 


X 


10 19 


3.605 


X 


10 3 


1.196 x 10 8 


4.975 


X 


10 7 


2.404 




3.9115 x 10~ 7 


5.120216 


X 


10 25 


2.002773 


X 


1Q 19 


3.516 


X 


10 3 


1.354 x 10 s 


4.505 


X 


10 7 


3.005 




3.7885 x 10~ 7 


6.007055 


X 


10 25 


2.275773 


X 


10 19 


3.406 


X 


10 3 


1.588 x 10 8 


3.965 


X 


10 7 


4.005 




3.4218 x 10~ 7 


9.993193 


X 


10 25 


3.419470 


X 


10 19 


3.076 


X 


10 3 


2.642 x 10 8 


2.638 


X 


10 7 


10.015 




3.1681 x 10~ 7 


1.468820 


X 


10 26 


4.653369 


X 


10 19 


2.847 


X 


10 3 


3.882 x 10 s 


1.939 


X 


10 7 


20.026 




2.9332 x 10~ 7 


2.158944 


X 


10 26 


6.332615 


X 


10 19 


2.637 


X 


10 3 


5.708 x 10 8 


1.425 


X 


10 7 


40.056 




2.0 x 10~ 7 


1.464950 


X 


10 27 


2.929390 


X 


10 20 


2.397 


X 


10 3 


3.873 x 10 9 


3.080 


X 


10 6 


1.257 




1.75 x 10" 7 


2.855570 


X 


10 27 


4.997248 


X 


10 20 


2.098 


X 


10 3 


7.550 x 10 9 


1.805 


X 


10 6 


4.183 




1.549 x 10" 76 


5.257602 


X 


10 27 


8.143376 


X 


10 20 


1.856 


X 


10 3 


1.390 x 10 10 


1.108 


X 


10 6 


12.451 





a A s k x is the increase in k x per second 
'Present values 




FIG. 2: Fig. 2 



mind our deduction of the volume of the 3-dimensional 
spheric surface as 

, ff /2 

V/2 = AttR 3 / sin 2 ipdip = 7r 2 i? 3 , 
Jo 

whence V = 2tt 2 R 3 , we can easily find the volume of the 
zone which corresponds to the angle ip < tt/2, through 

rip 

V z = AnR 3 / sin 2 ipdip — 2ir R 3 (ip — sin <p cos ip), 
Jo 

which makes up a fraction 

ip — sin ip cos <p ip — (1/2) sin2<£ ^ 

7T 7T 



The existence of a "horizon of visibility" implies that 
we have not taken into account those masses which may 
exist beyond it. The presumed basic uniformity of the 
Universe allows us to include such masses by multiply- 
ing the estimate obtained by considering the observable 

7T 

Universe, by — — , the inverse of the previous 

<p — (1/2) sm2p 

fraction. This value is 2 for ip = n/2 and 1 for (p = ir, 

when the observer perceives the whole of it. 

We must note that for <p > w, the observer at A would 
double-count the cosmic objects situated at n + p and 
would infer a length of R m that would be greater than 
its true length. This possibility would be rejected, were 
it not the case that images of very distant cosmic ob- 
jects have been detected which are very much alike, by 
looking in diametrally opposite directions. It seems im- 
portant to conduct a program to search for such objects, 
which may have escaped detection by observers who were 
looking for other things. Obviously the success of this 
search would demonstrate that the Universe is configured 
as a 3-dimensional spherical surface, but any unsuccess- 
ful search would not demonstrate the contrary, because 
there would be no double-count if ip < ir. 

Table 2 lists possible present values for some character- 
istics of the Universe which are related to the angle p. In 
the second column are shown values for the present speed 
of increase of the radius of R m given by V m /c = l/tp. In 
the third column appear the values for the kinetic energy 
of an electron moving at a velocity V m ; in the last col- 
umn are values for the relation between the total mass 
of the Universe, M u , and the mass, M u , perceived by an 
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TABLE II: Present values for some characteristics related to 



(p (rad) 


V m — J_ 

c <p 


E», _ 1 
m e c' 2 2ip' 2 


M u 7T 

My, ip— i s in2i^ 


1.00 


1.00 


0.500 


5.7607 


1.20 


5/6 


0.347 


3.634 


1.40 


0.7143 


0.255 


2.549 


tt/2 


0.6366 


0.203 


2.000 


1.75 


4/7 


0.164 


1.632 


2.00 


1/2 


0.125 


1.321 


2.25 


4/9 


0.099 


1.147 


2.45 


0.4081 


0.083 


1.068 


2.75 


4/11 


0.066 


1.013 


7T 


0.3183 


0.051 


1.000 



observer whose "horizon of visibility" is that which cor- 
responds to the angle ip, M v . However, no mass beyond 
the "horizon of visibility" from A would attract gravita- 
tionally any mass at A. 

The effect of increasing the mass of the Universe by 
the factor M u /M v applies only to the variables R s and 
Ro/R s in Table 1. The estimate of the radius of the 
Universe R u has been obtained from its age and is inde- 
pendent of p. In their turn, the values of i? are none 
other than mere hypotheses of the length of the radius 
of the Universe at the moment at which there ended the 
process of formation of matter from the initial photons 
unconnected with zero-point radiation. 

In [5] p. 4, the analysis of the kinetic energy of the last 
electron generated from the initial photons unconnected 
with zero-point radiation led us to the following equation 



m e c 2 



1 



Rs 
Ro 



+ 



R, 



Ro + Rt 



(10) 



where E t is the kinetic energy of the said last electron, 
when the time t has elapsed since t = 0, when it was gen- 
erated; Rq is the length of the radius of the Universe at 
t = 0, R s is the length of the Schwarzschild radius, and 
Ro + Rt is that of the radius of the Universe at the mo- 
ment t. This equation derives from our having considered 
that the electron moved away from w at a velocity close 
to that of light, and was subjected only to the gravita- 
tional attraction of the rest of the mass of the Universe, 
which would not significantly differ from Mom e . 

From (10) we deduce that the condition for the 
cancelling-out of the energy of that electron is: 



Rt = 



(Ro) 2 



(ii) 



R s — Ro 

when Ro = R s it will cancel out at R t — > oo, while if 
Ro > R s it can never cancel out. 

For the evolution of the velocity of the said electron, 
we have deduced in [5] pp. 4-5, the equation 

1/2 

i - — + I , (12) 



dt 



Ro 



Ro + Rt 



TABLE III: Present values of the rate of increase in the radius 
of the material Universe, dR m /dt, of the angle ip, and of the 
relation M u /M v for some values of Ro/R s 



R 
Rs 


ip (rad) 


dR 
dt 


M„ _ n 

Mip tp — i sin 2<p 


< 1 


negative 


negative 




1.0044 


15.11 


0.066 


0.2017 


1.11274 




0.3183 


1.0000 


1.20 


2.45 


0.408 


1.0681 


1.333 


2.00 


0.500 


1.3209 


1.50 


1.73 


0.577 


1.6653 


1.682 


tt/2 


0.637 


2.0000 


3.273 


1.200 


0.833 


3.6434 


5.00 


1.118 


0.894 


4.3356 


10.00 


1.0541 


0.949 


5.0299 


20.00 


1.0260 


0.975 


5.3907 


628 


1.0008 


0.9992 


5.7487 



which implies that for < 1 ^ m 
R ~ dt 



cannot cancel 



dR„ 
~dt 



tends 



out, and that when R t — > oo the value of 

/ R \ 1/2 

towards I 1 — — ^ I 
V R oJ 

Finally, analysis of the speed at which the horizon of 
visibility is receding 



dAB dR n 
dt * dt 

leads us to infer that for t = 
tp^ (1-Rs/Ro)- 1 / 2 , [5] pp. 



+ R, 



dip 
l ltt' 



0, ip = and for t — > oo, 
8-9. We can definitely say 
that both the rate at which the radius of the material 
Universe is now increasing and the present magnitude of 
the angle ip which defines the "horizon of visibility" , are 
determined by the value of R s /Ro, that is by the relation 
between the Schwarzschild radius and the radius of the 
Universe at the moment t = to when the last electron was 
generated from the initial photons unconnected to zero- 
point radiation. Table 3 shows the present values of the 
angle ip, the rate of increase in the radius of the material 
Universe, dR m /dt, and the relation between the mass of 
the Universe, M u and that of the visible Universe M v . 
These values are given for the values of Ro/R s falling 
between 1.000 and 628 which appear in Table 1, and for 
values which in Table 2 are equal to ir radians, 2.45 radi- 
ans, 2 radians, 7r/2 radians and 1 radian. This completes 
a fair panorama of the effects of the possible values of 
Ro/Rs on important characteristics of the Universe. 

• For Ro/Rs = 1, ip — * oo, dR/dt — ► 0: This value of 
(p is inadmissible, as we would be contemplating an 
infinite series of images of he same cosmic objects. 

• For Rs/Ro < 1) we would obtain negative values 
for dR/dt. This does not seem possible for t = 
1.39 x 10 10 years. 
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IV. ANALYSIS OF THE POSSIBILITY OF THE 
BIG CRUNCH AND EVALUATION OF THE 
RADIUS OF THE MATERIAL UNIVERSE 

Equation (10) in [5], which expresses the evolution of 
R m as a function of t, and equation (14) in [5], which 
expresses the evolution of tp as a function of t, include the 
expression (1 — Rs/Ro) 1 / 2 , which gives a complex number 
for R s /Ro > 1; which may mean that it is impossible for 
R to be smaller than R s . 

If we abstract from these equations which derive from 
equation (5) in [5], and consider only this equation (5), 
we obtain: 



dRrr, 

~dT 



1 - 



R s 



Ro Rq + t 



1/2 



1 



R s 
Ro 



R s 

Rrr. 



1/2 



where R m is the present length of the radius of the ma- 

R 

terial Universe. If we substitute — - for (1 + x), we 

Ro 



obtain 



dR T: 



R s 

Rrr, 



— X 



1/2 



which will be real for 



dt 



dt 

R s /R m > x. 

The redshift in the light which comes from the very 
distant galaxies allows us to know that the radius of 
the material Universe, Rm, is increasing, that is, that 
dRm/dt > 0, which means that R m > R s . Therefore 
x < 1. 

We can see from Table 3 that for Rq/R s < 1.11274 the 
angle ip measures more than tt radians, which determines 
that M u /M v < 1. Therefore M u < M Q . 

dR 

Table 3 shows that for R s /Ro — * 1, <J> — ► oo, 

0, and — > 0. This means that the suggested values 
R s 

— = 1 + x, x < 1 are incompatible with the hypothc- 
Rq 

sis which is analysed in this paper. In other words this 
hypothesis is incompatible with the "Big Crunch" . 



Equation (12) can be written as 

dRm 

= dt. 



p p \ l/ 2 

^ K s K s 

Ro Rm 

If we integrate between t = 0, for which value R m — 
R , and t, whose value governs R m , equation (12) be- 
comes: 



Ro 



dR 71 



Rq R r 



= t 



To solve this integration we substitute R„ 



dRm — ~ 



R s dy 



Rs 



R^ 
y '' 



Also, we simplify by 1 — — = a, so 

Ro 



that we have: 

rRs/Rm 
'Ro 



—Rs 



dy 



y2(l + a y)i/2 



Rs 



(a + y) 



1/2 



2a\/a 



(a + ljVa-aVa 



(a + y)V2 + a V2 



ay 



Rs I Rr, 



Rs / Ro 



Rs/Rr, 



+ 



Rs I Ro 



so that if (1 — R s /Rq + Rs/Rm) = (a + R s /R m ) = b; we 
finally arrive at: 



R 



t 



/ay/ 2 , Ro 
\b) 6V2 



R s b 1/2 , 



6 l/2_ a l/2 1 + fl l/2 - 
l_ a l/2 fe l/2 +a l/2 

(13) " 

Since 6=1 — R s /Ro + R s /R m , equation (13) is ex- 
tremely complex and to find the value of R m we have 
to resort to successive iterations starting from R m — 



1 - 



RA 
Ro) 



1/2 



t, 



where 
dR, 



1 - 



Rs\ 
Ro) 



1/2 



is an estimate for 



the present value of — - — , which leads to a value for R m 
dt 

which is smaller than that given by equation (13). 

Table 2 shows the values towards which v m = dR m /dt 
will tend for t — > oo, R m — ► oo. Obviously, the present 
shorter estimate of the length of R m must correspond 
to the lower of these values, v m = 0.3183c, which is the 
value given for <p = w. For this value the visible mass M v 
would be exactly equal to M u , that is the visible mass of 
the Universe. 

If we introduce into (13) the value R m — 0.3183c x 
1.39 x 10 10 years = 4.42437 x 10 9 light-years, evidently 
smaller than the present value of R m , after 10 interac- 
tions we arrive at i? m = 9.92345 x 10 9 light-years. There- 
fore 9.923 x 10 9 light-years < R m < 1.39 x 10 10 light-years 
(14). 

Within this interval fall all the possible values of the 
length of the radius of the material Universe, R m , which 
correspond to the values of v m in Table 2 that fall be- 
tween v m = c, for f = 1 radian, and v m — 0.3183c, for 
ip = 7r radians. 



Equation (8) allows us to suggest that the total energy 
inherent to the curvature of the Universe can be given 
by: 



_A 3 

^cu~ qx K 



1 1 

2x + 3X 2 " 



1 

6X 1 



+ 



where k is a constant. The wavelength, x, of the most 
energetic photons in zero-point radiation is proportional 
to the length of the radius of the Universe, R u , and the 
values of x in Table 1, x > 6.07 x 10 8 , imply that the 
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value of the sum — - — —r + ■ ■ ■ is insignificant when 

ix A ox 4 
compared to l/2x, and we can write: 



e: 



ir 2 hck 3 
xqx 



which states that the total energy inherent to the cur- 
vature of the space is inversely proportional to x; i.e. 
inversely proportional to the radius of the Universe and, 
therefore, directly proportional to the curvature of the 
Universe. 

Within a space configured as a 3-dimensional spherical 
surface, all points are affected by its curvature, and from 
equation (7) we can obtain 



E r 



E, 



Ox 



he 



he 



(qx) 3 (qx) 4 3x 3 



G/a) 



1 

2^4 



1 

3~^ 



6x 7 



+ 



which, given the magnitude of the possible values of x, 
can be simplified to 



E r , 



he 1 



(qx) 3 (qx) 4 2x* 



whence 



E c 



(hf 



7T {kxY 2 

i—m e c , 



which expresses the energy per (l e ) 3 inherent to the cur- 
vature of the Universe. This equation may be written: 



E r 



(le)< 



a 



(Q 3 ' 



where z — 



(15) 



The increase in the radius of the Universe presup- 
poses a proportional increase in x, which is equivalent 
to 1.126651 x 10~ 13 q\/t e , and causes a decrease in E cu . 
This decrease produces a certain flow of energy per unit 
of volume, which translates into an expansive force. In 
other words, the curvature of the Universe gives up en- 
ergy as it stretches, which can be understood better with 
the help of the image of an arrow impelled by the energy 
yielded by the distending bow as it is released. 

Equation (9) can be written in the form: 

a 3a 



^ 3 x[B] m 



whence 



Therefore: 



d(z 4 ) 3a dx 

fl.T, 

8x 4ir 3 [B] m x 2 ' 



AE, 



cu 2 

m e c = 



A^[B] m x 2 (J e )3 



(16) 



Within space configured as a 3-dimensional spherical 
surface, the volume of the electron is 2-k 2 1 3 . Therefore 
the stretching of the curvature of space implies, for the 
electron, a centrifugal force given by 



fc< 



2n< 



/ -3 Ax 



m e l e t e ■ 



The value of Ax expressed in l e per t e is Ax = 1.383518 x 
10~ 34 l e /t e . According to our hypothesis this value does 
not change. Therefore we can write 



fc 



2.075277 x 10 



-34 



[B] m x 2 



-m e l e t e 



(17) 



6.456292 x 10 e l e , [B] r 



For the present values x 
1.944468 x 10" 5 , 

10~ 43 m e l e t~ 2 . Against this centrifugal force, the attrac- 



we obtain f ce = -2.560407 x 
nst this centrifugal force, the attrac- 
tion determined by the mass of the Universe is: 

j f _m x x 1.55 x 10 79 m x (q x ) 2 c 2 _ 1.55 x lO^m^V 

J h ~ (R ux ) 2 (l x ) 2 2^ ~ 27r(R ux ) 2 (kx x ) 2 m e l e 



where R ux and kx x are, respectively, the length of the 
radius of the Universe expressed in l x and the length of 
the radius of the electron expressed in qx, at t x . 

The relations l x = k Xx qx; h = kxqx] m e l e = m x l x 
allow us to write ra x = m e kx/kx x - By introducing this 
in f g , we obtain: 

1.55 x 10 79 (k x ) 2 _ 2 _ 1.027876 x 10 121 _ 2 



27r(R ux ) 2 (k Xx ) 4 



2Tr(R ux ) 2 (k Xx ) 4 



(18) 

For the present values R u = 4.666577 x 10 40 Z e ; 
kx x = k x = 8.143 x 10 20 we obtain f g = 1.708229 x 
1Q- 45 m e l e t- 2 , which is equal to 6.67 x 10" 3 / ce . For the 
lower limit of R u , 9.92 x 10 9 l.y instead of 1.39 x 10 10 
l.y, f g = 3.354 x 10^ 44 m e l e t^ 2 , also very inferior to f ce . 
From (17) and (18), we obtain: 



f ce 2.075277 x l0~ 34 /[B] m x 2 

Tg ~ 1-027876 x 10 121 /2Tr(R ux ) 2 (kx x ) 4 



1.267482 x lQ- 154 (R ux /x) 2 (kx x ) 4 
[B] m 

According to our hypothesis R ux /x is constant and its 
value is 7.2 2 7 951 x 10 33 . Therefore: 



fee 

T 9 



6.621742 x 10~ 87 [k Xx } 4 

[B] m 



(19) 



For the present values k Xx = kx = 8.143 3 75 x 10 20 ; 
[B] m = 1.944468 x 10~ 5 , we obtain f ce /f g = 149.758, 
whence f g /f C e = 6.67 x 10~ 3 as before. 

[B] m decreases over time. For t x = 12.55 years after 
the Big Bang, [B] m = 1.239543 x 10 -3 , and at present, 
t x = 1.39 x 10 10 years, \B] m = 1.944468 x 10" 5 . In Table 
1 we can see that kx x increases over time and, therefore, 
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the value of fee/ fg also increases. For t x = 12.55 years 
after the Big Bang, it was equal to 9.05 x 10~ 30 instead 
of 149.78. 

When fee = fg, i.e. when the centrifugal force which 
comes from the decrease in the curvature of the Universe 
are equal to the gravitational attraction of the whole 
mass of the Universe, we have: 

6.621742 x 10- s7 [k Xx ] A _ 



[B}r 



3.2 34 x 10 20 : 



which happens at t x = 4.36 x 10 J y.; k\ 
[B] m = 7.249 x 10~ 5 ; x = 1.650 x 10 27 . 

We know that R m is increasing and that the centrifugal 
forces inherent to the decrease in the Universe's curvature 
prevail over the gravitational attraction and will always 
prevail over it; therefore the hypothesis which is proposed 
in this paper excludes the Big Crunch. 

The introduction of the centrifugal force inherent to 
the stretching of the curvature of space was made through 

the addition of the term — j which appears in the paren- 
thesis of equation (7). The fact of not including it in 
equation (3) implies relative errors inferior to — — , which 

are insignificant for the values of x in Table 1. Therefore 
it is unnecessary to change anything in that Table. 



V. REFLECTIONS OF THE CONSTANT a AND 
ON THE GENERATION OF ELEMENTARY 
PARTICLES 

In the (e, m e ,c) system of units the equation which 
gives the energy of the photons of wavelength Xl e is: 



_ he 2n 1 2 
Ex = — = — -m e c . 
M e a A 



than "c". On the other hand the relationship r x m x = 
r e m e is the requisite condition for the spin of a par- 
ticle of mass m x and radius r x to be equal to h/2, 
so that a photon of wavelength has an energy of 
E x = (m e /\ x )c 2 = m x c 2 , equal to the energy equiva- 
lent of the mass of the particle, while the relationship 
between the wavelength of the photon with energy E x 
and the length of the circumference whose radius is that 
of the elementary particle of mass E x /c 2 , is always equal 
to 1/a. 

The value of the constant a is not affected by hypo- 
thetical changes in the wavelength "x" of the photons 
of greatest energy in zero-point radiation. However any 
change in "x" would produce a change in the length of 
the radius of the electron r e = k\q\, which is determined 
by the fact that, at this distance from its centre, the cen- 
trifugal force of the repulsion of its charge against itself is 
equal to the centripetal force inherent to the interaction 
of the particle with zero-point radiation. This change 
in the length of its radius produces an inversely propor- 
tional change in the mass of the electron, because m x r x 
must continue to be equal to m e r e . Therefore the wave- 
length of a photon whose energy is equal to m x c 2 will 
also change in proportion to the change in length in the 
electron's radius, so that the relationship between the 
new wavelength and the new radius continues to be 1/a. 

The expression of the equivalence between those cen- 
trifugal and centripetal forces relates k\ and x through 
equation (9), which is an expression of equation (17) of 
[4] and can be written: 



3a/47r 3 

z 4 [B] m 



where 



(20) 



z = 



2tt 

For A = — l e we obtain E\ = m e c 2 , which is the en- 

a 

ergy equivalent of the mass of the electron whose radius, 

r e , measures l e . The wavelength 2ir/a is equal to the 

length of a circumference of radius R e = l e /a = r e /a, 

which implies a relationship of the scale 1 /a between the 

wavelength (2n/a)l e and the length of the circumference 

of radius r e . In all cases, an elementary particle of mass 
tn 

m x has a radius r x = — -l e and the photons of wave- 
m x 

, 2Tr , 
length — r x have an energy 

a 



E x 



2tt 



a (27r / a) (m e /m x ) 



m x c 



which is the energy equivalent to the mass m x . The wave- 
2?r 

length \ x = — r x is equal to the length of a circumfer- 
a 

ence of radius r x /a. 

The product m e l e — e 2 /c 2 is a quantic threshold. 
There are no charges smaller than "e" , or speeds greater 



[B]r 



T m = (-1) 



m+l 



1 2 

+ 



m+l m + 2 m + 3 



m(m — 1) 
(3 



1 



m + 3 



The series [B] m has a positive and finite value for z < 
a a 

— and has no value for z > — . On the other hand 
2tt ~ 2tt 

= zt < — ; where x t q\ is the wavelength of the most 
x t 2tt 

energetic photons in zero-point radiation t years after the 
Big Bang and k\ t q\ is the radius of the electron at that 
time. 

Because of the quantic threshold m x r x — e 2 /c 2 ; 



m t k\ t = m e l e , whence m t = 



m e l e 
k\ t 



and the wavelength 
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of the photon with energy m t c 2 , expressed in (q\), is 

A = — k\ t 

a 

whilst the wavelength of the most energetic photons in 
zero-point radiation is 

x t > — k\ t , 
a 

so that there could never occur the generation of elec- 
trons or any other elementary particle. The value of the 

product — z increases as x decreases and tends toward 
a 

1 as £ tends towards 0. For the present value of x, the 
value of z is 1.548876 x 1CT 7 , and, for z = 1.150 x 1CT 3 = 
0.99(a/27r), x — 6.0745 x 10 8 , which corresponds to 
t = 1.606 x 10~ 9 years after t — 0, very approximate- 
ly 0.05s after the Big Bang, and exposes the extremely 
rapid variation of x between the said value and z = a/2-K. 

Some cosmologists suppose that the present laws of 
Physics did not apply during the time immediately after 
the Big Bang and that the generation of the elementary 



particles happened on a short period of time. Neverthe- 
less it is better to suppose that zero-point radiation can- 
not generate elementary particles and that the primeval 
space which emerged with the Big Bang contained other 
photons able to generate those particles which are now 
in our Universe. 



REFERENCES 

[1] L. Abbot: Inv. y Ciencia, p. 80-83 (Nov. 1983). 
[2] R. Alvargonzalez: Rev. Esp. Fis. 14 (4), 32 
(2000). 

[3] R. Alvargonzalez: arXiv: physics/ '9311027 VI, 6 
Nov 2003. 

[4] R. Alvargonzalez: arXiv: physics/ 0311139 V2, 23 
May 2005. 

[5] R. Alvargonzalez and L. S. Soto: arXiv: phyu- 
szcs/0408016 VI, 3 Aug 2004. 

[6] T. H. Boyer: Phys. Rev. 182, 1374 (1969). 

[7] T. H. Boyer: Sci. Am. N 10, 42 (1985). 

[8] S. K. Lamoreaux: Phys. Rev. Let. 78, 5 (1997). 



